Since the crude aqueous extract of the colonial tunicate Ecteinascidia turbinata was reported to possess in vivo antitumor activity in 1969,
Among the isolated marine natural products, ecteinascidin 743 (1a) was ultimately selected for further clinical studies because it was available in the greatest amount from natural sources. In contrast, we have recently succeeded in the discovery of a Thai tunicate, Ecteinascidia thurstoni HERDMAN 1891, around Phuket Island, and in the extraction, separation, and isolation of ecteinascidin 770 (1b) in its stable form by potassium cyanide pretreatment. 7) The combination of unique structural features and a high degree of functionalization in 1a presents a formidable challenge to the synthetic chemist. Corey and co-workers described the first elegant total synthesis including an improved process. [8] [9] [10] Fukuyama and co-workers recently described an alternative route for the practical synthesis of 1a. 11, 12) In addition, the 22 steps transformation of 1a from cyanosafracin B, which is readily available from microbial safracin B, [13] [14] [15] [16] was described by Pharma Mar Laboratories. 17) However, one of the most intriguing problems, which is how to maintain a consistent supply of ecteinascidins for drug development: by isolation from marine sources or by total synthesis still remains.
In connection with the development of a short-step synthesis of ecteinascidin 770 (1b), we have previously reported the preparation of the tricyclic lactam intermediate (2) 1) and the practical synthesis of the ABC ring model compound 3. 18, 19) Encouraged by the results of our studies, we applied these strategies for total synthesis of 1b. We describe herein an efficient synthesis of a pentacyclic framework (24c) that has characteristic substituents in both benzene rings.
In order to reduce the number of steps, we employed the method of reducing the double bond in 4 storing the bromine (Chart 1). 20) After numerous attempts under a variety of conditions, [21] [22] [23] catalytic hydrogenation of 4a 18) in the presence of 5% rhodium on carbon (Rh/C) in methanol was achieved. Catalytic hydrogenation of 4a over 5% Rh/C at 1 atm for 1 h afforded 5a in quantitative yield. Acetylation of 5a with acetic anhydride and 4-dimethylaminopyridine (DMAP) in pyridine gave 6a in 77% yield. On the other hand, the readily available phenol (7) 1) was protected with a p-toluenesulfonyl group to afford the benzaldehyde derivative (8) in 91% yield. Condensation of 8 with 6a in the presence of potassium tertbutoxide gave (Z)-arylidenepiperazinedione (9a) and its (E)-isomer (10a) in 78 and 6% yields, respectively. The Z stereochemical assignment of 10a was based on 1 H-NMR spectral evidence. Alkylation of 9a with benzyl chloride and sodium hydride in dimethylformamide (DMF) gave 11a in 88% yield. It was difficult to remove the acetyl group in 11a under hydrazine-hydrate in DMF for generating 12a, because the tosyl protecting group of 11a was unstable under these conditions. 24) Thus, the following procedure was attempted and optimized. Deacetylation of 11a with K 2 CO 3 in methanol gave the deacetylated compound (12a) in 66% yield. The piperazine ring of 12a was activated by the introduction of a 2-propyloxycarbonyl group to give the imide (13a) in 99% yield.
The transformation of 13a into the tricyclic lactam (15a), which is the key stage in our synthetic plan, began with the chemoselective reduction of 13a with lithium tri-tert-butoxyaluminohydride in tetrahydrofuran (THF) to afford a diastereomeric mixture of the alcohol (14a). When 14a was treated with trifluoroacetic acid (TFA) at 0°C for 1 h, no desired compound 15a could be detected; instead, compound 16 was formed in 84% yield. Assignment of indeno [1,2-b] pyrazine-2-one (16) was made based on the results of NMR analysis. The 1 H-NMR spectrum of 16 displayed only one singlet at d 6.46 in the aromatic region along with the characteristic AB type methylene proton peaks (d 3.29 and 3.50 ). Hydrogenation of 16 in the presence of palladium on carbon gave the corresponding debrominated compound 17 in 75% yield. The ortho coupling (Jϭ1.7 Hz) was observed in the 1 H-NMR spectrum of 17. The probable mechanistic pathways for the formation of 16 from 14a including the isomerization are shown in Chart 2. The results indicated that cyclization of E-A to the desired compound 15a was relatively slow because of the steric hindrance by the isopropyl protecting group at the A ring.
Next, we attempted to increase the reactivity of the A ring such as the phenol (13c). The substrate (13b) was prepared in six steps from 4b 25, 26) using the same procedure as used for the preparation of 13a in 44% overall yield. Reduction and dehydration/cyclization sequence of 13b afforded the desired compound 15c, but the maximum yield was only 29%. In order to improve the reactivity of the A ring, the sequence of reactions in Chart 3 was studied. The removal of the MOM group in 13b gave 13c in 94% yield, hydride reduction of 13c followed by cyclization afforded 15c in 86% yield.
The E stereochemical assignment of 15c was based on 1 H-NMR spectral evidence. The d value observed for the methine proton (d 6 .58) at the C-1 position of 15c indicated that this proton was positioned in the deshielding zone of the aromatic ring of the side chain at the C-2 position and the carbonyl group of N-COOR. Thus, we were able to obtain the desired compound 15c in high yield.
Having established the construction of the B ring, we then studied the conversion of 15c into the secondary amine (21) . Numerous efforts to remove the N-blocking group of 15c under acidic and basic conditions were unsuccessful, causing decomposition of the starting material. Debromination of 15c also proved to be troublesome. The debromination of 15c with hydrogen over 20% Pd/C in ethanol afforded the desired compound 18 in only 28% yield along with the debenzylated product (19) in 12% yield. We thought this by-product (19) might have been produced by the evolution of hydrogen bromide. In contrast, the debromination of 15c with hydrogen over 20% Pd/C in the presence of triethylamine gave 18 in 93% yield. Protection of the phenol in 18 with a benzyl group gave 19a in 95% yield, and hydride reduction of 19a with aluminium hydride afforded 20a in 90% yield (Chart 4). Reduction of the double bond of 20a through the action of hydrogen (4 atm) on 20% Pd/C in ethanol at 80°C for 40 h occurred from the less hindered a-face to afford 21c in 47% yield accompanied with 22c in 28% yield. The other route of this transformation was carried out using the MOM protecting group. Methoxymethylation of 18 gave 19b in 85% yield, and then hydride reduction of 19b under the same conditions afforded 20b in 97% yield. While the conversion 20b into the amine 21b was carried out under the same conditions, the debenzylation was relatively slow to generate 22b in 76% yield, and the yield of the desired product (21b) is only 3%. This problem was solved by using 20% Pd(OH) 2 on carbon as a catalyst to give 21b in 66% yield.
The final stage of the investigation involved the construction of the pentacyclic framework using our modified Pictet-Spengler reaction. 27) Reaction of 21c with a large excess of paraformaldehyde in the presence of K 2 CO 3 in ethanol at room temperature for 72 h gave the O,N-acetal (23c), which was subsequently treated with TFA at room temperature for 24 h to provide the pentacyclic compound 24c in 15% yield. A large amount of 21c was recovered because 21c was relatively highly polar and its solubility in organic solvents was low. In contrast, 21b was converted into 24c via 23b in 70% yield. The stereochemistry of 24c was readily identified on the basis of the chemical shifts of H-14b (d 2.42 ) and H-14a (d 2.67) along with their coupling between H-14b and H-14a (Jϭ12.0 Hz), as noted previously for related systems. 28) In summary, we succeeded in the preparation of the ABCDE ring model of ecteinascidins. The application of this strategy to the total synthesis of natural products is under intensive investigation in our laboratories.
Experimental
All melting points were determined with a Yanagimoto micromelting point apparatus and are uncorrected. IR spectra were obtained with a Hitachi 260-10 IR Fourier-transform spectrometer. 1 H-NMR spectra were recorded at 270 MHz on a JEOL JNM-EX 270 spectrometer, at 300 MHz on a JEOL JNM-AL300 spectrometer, and a 500 MHz on at JEOL JNM-LA-500 spectrometer. Peak multiplicities are denoted by s (singlet), br s (broad singlet), d (doublet), t (triplet), q (quartet), sept (septet), m (multiplet) or by a combination of these e.g. dd (double doublet), with coupling constants (J) given in Hz. 13 C-NMR spectra were recorded at 67.5 MHz [multiplicity determined from off-resonance decoupled or distortionless enhancement by polarization transfer (DEPT) spectra]. NMR spectra were measured in CDCl 3 , and chemical shifts were recorded in d H values relative to (CH 3 ) 4 Si as the internal standard. Mass spectra were recorded on a JMS-DX 302 and JMS-700 instruments with a direct inlet system operating at 70 eV. Elemental analyses were conducted on Perkin-Elmer Model 240B and YANACO MT-6 CHN CORDER elemental analyzers. All reactions were conducted under argon atmosphere. Dry solvents and reagents were obtained using standard procedures. Removal of the solvent was done with a rotary evaporator and, finally, under high vacuum. Column chromatography was performed with E. Merck silica gel (70-230 mesh).
1-Acetyl-3-(2-bromo-5-isopropoxy-4-methoxy-3-methylphenylmethyl)-2,5-piperazinedione (5a) A solution of 4a 18) (1.701 g, 4.0 mmol) in methanol (80 ml) was hydrogenated over 5% Rh/C (800 mg) at 1 atm for 1 h. The catalyst was removed by filtration and washed with methanol (500 ml). The combined filtrates were evaporated in vacuo to give a solid, the recrystallization of which from acetone/hexane gave 5a ( 1,4-Diacetyl-3-(2-bromo-5-isopropoxy-4-methoxy-3-methylphenylmethyl)-2,5-piperazinedione (6a) A solution of 5a (1.708 g, 4.0 mmol) and DMAP (97.6 mg, 0.8 mmol) in pyridine (24 ml) was cooled with ice water, and acetic anhydride (4.8 ml, 50.5 mmol) was added dropwise over 10 min. The reaction mixture was stirred at room temperature for 1 h. The solvent was removed in vacuo, and then the residue was taken up in water (160 ml) and extracted with ethyl acetate (160 mlϫ3). The combined extracts were washed with brine (100 ml) and concentrated in vacuo to give a solid, the recrystallization of which from ethyl acetate/ether gave 6a (1.439 g, 76.6%) as colorless needles, mp 139.5-140°C. 1 and DMAP (244.0 mg, 2.0 mmol) in pyridine (60 ml) was cooled with ice water, and acetic anhydride (12.0 ml, 127.2 mmol) was added dropwise over 10 min. The reaction mixture was stirred at room temperature for 1 h. The solvent was removed in vacuo, and then the residue was taken up in water (400 ml) and extracted with ethyl acetate (400 mlϫ3). The combined extracts were washed with brine (300 ml), and concentrated in vacuo to give a solid, the recrystallization of which from ethyl acetate/ether gave 6b (4 3-Methyl-2-(4-methylbenzenesulfoxy)-4,5-methylenedioxybenzaldehyde (8) p-Toluenesulfonyl chloride (2.00 g, 10.5 mmol) was added to a stirred solution of 7 1) (1.26 g, 7.0 mmol) and triethylamine (1.46 ml, 10.5 mmol) in dichloromethane (14 ml) at 0°C for 10 min, and the mixture was stirred at the room temperature for 2 h. The reaction mixture was diluted with brine (40 ml) and extracted with dichloromethane (80 mlϫ3). The combined extracts were washed with water (50 ml), dried, and concentrated in vacuo to give a solid, the recrystallization of which from ethyl acetate/ hexane gave 8 (2.135 g, 91.2%) as colorless needles, mp 127-128°C. Condensation of Acetate (6a) and Aldehyde (8) A solution of potassium tert-butoxide (112.5 mg, 1.0 mmol) in tert-butyl alcohol (2 ml) was added to a stirred solution of 6a (467.3 mg, 1.0 mmol) and 8 (334.4 mg, 1.0 mmol) in DMF (4 ml) at 0°C over 20 min. After stirring for 4 h at room temperature, the reaction mixture was poured into brine (100 ml) and extracted with ethyl acetate (100 mlϫ3). The combined extracts were washed with water (100 ml), dried, and concentrated in vacuo to give a solid. Chromatography on a silica gel (100 g) column with hexane-ethyl acetate (5 : 2) as the eluent gave 9a (579.8 mg, 78.0%) and 10a (46.9 mg, 6.3%).
( ( Condensation of Acetate (6b) and Aldehyde (8) A solution of potassium tert-butoxide (225.0 mg, 2.0 mmol) in tert-butyl alcohol (4 ml) was added to a stirred solution of 6b (942.6 mg, 2.0 mmol) and 8 (668.7 mg, 2.0 mmol) in DMF (8 ml) at 0°C for 20 min. After stirring for 2 h at room temperature, the reaction mixture was poured into brine (200 ml) and extracted with ethyl acetate (200 mlϫ3). The combined extracts were washed with water (200 ml), dried, and concentrated in vacuo to give a solid. Chromatography on a silica gel (100 g) column with hexane-ethyl acetate (2 : 1) as the eluent gave 9b (1.086 g, 72.9%) and 10b (80.2 mg, 5.4%).
( (Z )-1-Acetyl-6-(2-bromo-5-isopropoxy-4-methoxy-3-methylphenylmethyl)-3-[3-methyl-2-(4-methylbenzenesulfoxy)-4,5-methylenedioxyphenylidene]-4-phenylmethylpiperazine-2,5-dione (11a) Sodium hydride (60% oil dispersion, washed with dry hexane three times, 2.9 mg, 0.12 mmol) was added to a stirred solution of 9a (74.4 mg, 0.10 mmol) in DMF (1 ml) under ice cooling, and stirring was continued at 0°C for 30 min. Benzyl chloride (13.8 ml, 0.12 mmol) was added over 20 min, and the reaction mixture was stirred at room temperature for 24 h. The reaction mixture was concentrated in vacuo, and then the residue was diluted with water (10 ml) and extracted with ethyl acetate (10 mlϫ3). The combined extracts were washed with brine (10 ml), dried, and concentrated in vacuo to furnish a solid, the recrystallization of which from ethyl acetate/ether gave 11a (73.2 mg, 87.9%) as pale yellow prisms, mp 150. (
Z )-6-(2-Bromo-5-isopropoxy-4-methoxy-3-methylphenylmethyl)-3-[3-methyl-2-(4-methylbenzenesulfoxy)-4,5-methylenedioxyphenylidene]-4-phenylmethylpiperazine-2,5-dione (12a)
A suspended solution of 11a (367.0 mg, 0.44 mmol) and anhydrous K 2 CO 3 (138.2 mg, 1.0 mmol) in methanol (40 ml) was stirred at room temperature for 2 h. The reaction mixture was diluted with water (100 ml) and extracted with chloroform (50 mlϫ3). The combined extracts were washed with brine (50 ml), dried, and concentrated in vacuo to give a solid, the recrystallization of which from ethyl acetate/ether gave 12a (230. 4 (
Z )-1-Isopropyloxycarbonyl-6-(2-bromo-5-isopropoxy-4-methoxy-3-methylphenylmethyl)-3-[3-methyl-2-(4-methylbenzenesulfoxy)-4,5-methylenedioxyphenylidene]-4-phenylmethylpiperazine-2,5-dione (13a)
A solution of 12a (1.583 g, 2.0 mmol), triethylamine (558.0 ml, 4.0 mmol), and 4-DMAP (489.0 mg, 4.0 mmol) in dichloromethane (40 ml) was cooled with ice water, after which isopropyl chloroformate (910.0 ml, 8.0 mmol) was added dropwise over 10 min, and the mixture was stirred at room temperature for 2 h. The organic layer was washed with 1 N HCl (20 ml), and then water (20 ml), dried, and concentrated in vacuo to give a residue (2.336 g). Chromatography on a silica gel (150 g) column with hexane-ethyl acetate (4 : 1) as the eluent gave a solid, the recrystallization of which from ethyl acetate/ether afforded 13a (1.736 1-Isopropyloxycarbonyl-6-(2-bromo-4-methoxy-5-methoxymethoxy-3-methylphenylmethyl)-3-[3-methyl-2-(4-methylbenzenesulfoxy)-4,5-methylenedioxyphenylidene]-4-phenylmethylpiperazine-2 Attempted Conversion of 13a into 15a A stirred solution of 13a (43.8 mg, 0.05 mmol) in dry THF (4 ml) was cooled with ice water, and lithium tri-tert-butoxyaluminohydride (50.9 mg, 0.8 mmol) was added to it over 5 min. After continued stirring at the same temperature for 1 h, the reaction mixture was quenched by the addition of water (0.5 ml) and then filtered through a Celite pad, and the filtrate was concentrated in vacuo. The unstable diastereomeric mixture of alcohols 14a (45.0 mg) obtained was used in the subsequent step without further purification. A solution of 14a in TFA (1 ml) was stirred at 0°C for 1 h. The reaction mixture was diluted with water (10 ml) and extracted with chloroform (10 mlϫ3). The combined extracts were washed with 5% NaHCO 3 (20 ml), dried, and concentrated in vacuo to give the residue (50 mg). Chromatography on a silica gel (10 g) column with hexane-ethyl acetate (4 : 1) as the eluent afforded 16 (36.0 mg, 83.5%) as a colorless amorphous powder.
6,7,8,9-Tetrahydro-9-[(2-bromo-5-isopropoxy-4-methoxy-3-methylphenyl)methyl]-4-methyl-5-(4-methylbenzenesulfoxy)-4-methyl-8-oxo-7-phenylmethyl-10H-1,3-dioxolo- [6, 7] 4-methyl-5-(4-methylbenzenesulfoxy)-4-methyl-8-oxo-7-phenylmethyl-10H-1,3-dioxolo (
Z )-1-Isopropyloxycarbonyl-6-(2-bromo-4-methoxy-5-hydroxy-3-methylphenylmethyl)-3-[3-methyl-2-(4-methylbenzenesulfoxy)-4,5-methylenedioxyphenylidene]-4-phenylmethylpiperazine-2,5-dione (13c)
A solution of 13b (176.0 mg, 0.2 mmol) in TFA (4 ml) was stirred at room temperature for 1 h. The reaction mixture was diluted with water (10 ml) and extracted with chloroform (10 mlϫ3). The combined extracts were washed with 5% NaHCO 3 (20 ml), dried, and concentrated in vacuo to give a solid, recrystallization of which from ethyl acetate/ether gave 13c (156. 9 .05 mmol) in dry THF (4 ml) was cooled with ice water, and lithium tritert-butoxyaluminohydride (50.9 mg, 0.2 mmol) was added to it over 5 min. After continued stirring at the same temperature for 1 h, the reaction mixture was quenched by the addition of water (0.5 ml) and then filtered through a Celite pad, and the filtrate was concentrated in vacuo. The unstable diastereomeric mixture of alcohols 14b (47.0 mg) obtained was used in the subsequent steps without further purification. A solution of 14b in TFA (1 ml) was stirred at 0°C for 1 h. The reaction mixture was diluted with water (10 ml) and extracted with chloroform (10 mlϫ3). The combined extracts were washed with 5% NaHCO 3 (20 ml), dried, and concentrated in vacuo to give a residue (50 mg). Chromatography on a silica gel (10 g) column with hexane-ethyl acetate (4 : 1) as the eluent afforded 15c (11.9 mg, 29.0%) as colorless prisms, mp 123.5-125.5°C (from ethyl acetate/ether).
From 13c A stirred solution of 13c (83.6 mg, 0.1 mmol) in dry THF (8 ml) was cooled with ice water, and lithium tri-tert-butoxyalumino hydride (101.7 mg, 0.4 mmol) was added to it over 5 min. After continued stirring at the same temperature for 1 h, the reaction mixture was quenched by the addition of water (0.5 ml) and then filtered through a Celite pad, and the filtrate was concentrated in vacuo. The unstable diastereomeric mixture of alcohols 14c (101.0 mg) obtained was used in the subsequent steps without further purification. A solution of 14b in TFA (2 ml) was stirred at 0°C for 1 h. The reaction mixture was diluted with water (10 ml) and extracted with chloroform (20 mlϫ3). The combined extracts were washed with 5% NaHCO 3 (20 ml), dried, and concentrated in vacuo to give a solid, the recrystallization of which from ethyl acetate/ether gave 15c (70.2 mg, 85.6%) as colorless prisms, mp 123. 5 (10), 664 (18), 663 (21), 579 (25), 577 (25), 282 (11), 281 (16), 270 (21), 268 (23), 191 (41), 189 (13), 139 (14) , 92 (27) , 91 (100), 65 (22) 105.1 (d), 114.7 (s), 118.2 (s), 122.3 (d), 127.7 (dϫ2), 128.2 (s Method B A solution of 15c (818.0 mg, 1.0 mmol) and triethylamine (0.167 ml, 1.2 mmol) in ethanol (30 ml) was hydrogenated over 20% Pd/C (818 mg) at 1 atm for 30 min. The catalyst was removed by filtration and washed with ethanol (400 ml). The combined filtrates were concentrated in vacuo to give a solid (786.8 mg). Chromatography on a silica gel (25 g) column using hexane-ethyl acetate (4 : 1) as the eluent gave 18 (690.1 mg, 93.3%) as a colorless amorphous powder, which was identical in all respects with the authentic sample described above.
(E)-10- Benzyloxy-1,2,3,4,5,6-hexahydro-9-methoxy-8-methyl-2-{[7-methyl-6-(4-methylbenzenesulfoxy)-1,3-benzodioxio-5-yl]methylene}-4-oxo-3-phenylmethyl-1,5-imino-3-benzazocine-11 -carboxylic Acid 1-Methylethyl Ester (19a) Sodium hydride (60% oil dispersion, washed with dry hexane three times, 7.8 mg, 0.325 mmol) was added to a stirred solution of 18 (199.8 mg, 0.27 mmol) in DMF (5.4 ml) under ice-cooling, and stirring was continued at 0°C for 30 min. Benzyl chloride (38.5 ml, 0.325 mmol) was added over 10 min, and the reaction mixture was stirred at room temperature for 21 h. The reaction mixture was concentrated in vacuo, and then the residue was diluted with water (50 ml) and extracted with chloroform (50 mlϫ3). The combined extracts were washed with brine (50 ml), dried, and concentrated in vacuo to give a residue, the recrystallization of which from ethyl acetate/ether afforded 19a (212. was added dropwise over 10 min, and stirring was continued at 0°C for 3 h. After quenching by the addition of methanol (0.5 ml), the reaction mixture was concentrated in vacuo to give a residue. Chromatography on a silica gel (5 g) column with benzene-ethyl acetate (5 : 1) with dry hexane three times, 18.0 mg, 0.75 mmol) was added to a stirred solution of 18 (370.0 mg, 0.5 mmol) in THF (10 ml) under ice cooling, and stirring was continued at 0°C for 30 min. Bromomethyl methyl ether (61.2 ml, 0.75 mmol) was added over 10 min, and the reaction mixture was stirred at room temperature for 2 h. The reaction mixture was diluted with water (100 ml) and then extracted with chloroform (100 mlϫ3). The combined extracts were washed with brine (100 ml), dried, and concentrated in vacuo to give a residue, the recrystallization of which from ethyl acetate/ether afforded 19b (334.1 mg, 85.2%) as colorless prisms, mp 199.5-201°C. g, 20 mmol) in tert-butyl alcohol (40 ml) was added to a stirred solution of the crude 26b and 1,4-diacetylpiperazine-2,5-dione (27: 3.964 g, 20 mmol) in DMF (40 ml) over 30 min. After stirring for 1 h at room temperature, the reaction mixture was poured into brine (600 ml) and extracted with ethyl acetate (400 mlϫ3). The combined extracts were washed with water (400 ml), dried, and concentrated in vacuo to give a solid, the recrystallization of which from ethyl acetate/ether gave 4b (6.749 
Preparation of 4c A suspended solution of 25
26) (245.1 mg, 1.0 mmol) and anhydrous K 2 CO 3 (276.4 mg, 2 mmol) in dry DMF (10 ml) was cooled with ice water, and benzyl bromide (238 ml, 2 mmol) was added dropwise over 10 min. Then, it was stirred for 2 h at room temperature. The reaction mixture was diluted with water (10 ml) and extracted with ether (10 mlϫ3). The combined extracts were washed with brine (10 ml), dried, concentrated in vacuo to give a solid (330.0 mg, 98.4%) that was used in the subsequent step without further purification.
5-Benzyloxy-2-bromo-4-methoxy-3-methylbenzaldehyde (26c), mp 82-83°C. 1 A solution of potassium tert-butoxide (112.5 mg, 1.0 mmol) in tert-butyl alcohol (2 ml) was added to a stirred solution of the crude 26c and 27 (198.2 mg, 1.0 mmol) in DMF (2 ml) over 30 min. After stirring for 3 h at room temperature, the reaction mixture was poured into brine (40 ml) and extracted with ethyl acetate (40 mlϫ3). The combined extracts were washed with water (40 ml), dried, and concentrated in vacuo to give a solid, the recrystallization of which from ethyl acetate/ether gave 4c (394.0 mg, 83.3%) as colorless needles, mp 149.5-151°C. Attempted Deacetylation of 12b. Method A A mixture of 12b (416.9 mg, 0.5 mmol) with hydrazine-hydrate (0.5 ml) in DMF (5 ml) was stirred at room temperature for 20 h. The reaction mixture was diluted with water (30 ml) and extracted with ethyl acetate (30 mlϫ3). The combined extracts were washed with brine (30 ml), dried, and concentrated in vacuo to give a residue (404 mg). Chromatography on a silica gel (25 g) column with hexane-ethyl acetate (2 : 1) as the eluent gave 30 (75.7 mg, 23.8%) as a colorless amorphous powder. Method B A mixture of 12b (416.9 mg, 0.5 mmol) with 2 N KOH (0.5 ml) in DMF (5 ml) was stirred at room temperature for 20 h. The reaction mixture was diluted with water (30 ml) and extracted with ethyl acetate (30 mlϫ3). The combined extracts were washed with brine (30 ml), dried, and concentrated in vacuo to give a residue (301 mg). Chromatography on a silica gel (20 g) column with hexane-ethyl acetate (5 : 1) as the eluent gave a solid, the recrystallization of which from ethyl acetate/ether afforded 31 (66.2 mg, 21.4%) as pale red needles, mp 242-244.5°C. 1 
